Introduction
Profiles or arrays of magnetometers may be used to help determine lateral conductivity contrasts within the Earth's crust and upper mantle (e.g., SCHMUCKER, 1970; LILLEY, 1975; GOUGH and INGHAM, 1983) .
In South Australia, the first such investigation was by GOUGH et al. (1974) using a widely spaced network of instruments across the centre of the state . This included the Flinders Ranges, which form the northern exposed section of a Late Proterozoic to Early Palaeozoic fold belt called the Adelaide Geosyncline. They defined a zone of enhanced conductivity trending north-south, but swinging to the east of the ranges (Fig. 1) . WHITE and HOPGOOD (1979) , in a study of the island and coast effect further south, concluded that they had no evidence to suggest the Geosyncline there formed a zone of high conductivity connecting with the "Flinders Anomaly" of GOUGH et al . (1974) . WHITE and POLATAYKO (1985) relate conductivity anomalies in South Australia to the tectonics, using additional data from profiles of instruments extending inland from the coast, in part across the fold belt. They suggest that the Flinders Anomaly extends south-westerly through the Geosyncline towards the northern gulf sediments (Fig. 1) .
The data we present here have been recorded using two intersecting profiles of magnetometers across the southern geosynclinal belt and more recent sedimentary cover to the east. The locations were chosen to test two hypotheses; -that the southern Adelaide Geosyncline is a zone of telluric current concentration. This is suggested by its complex geological history (RUTLAND et al., 1981) , Fig. 1 . General geology of eastern South Australia (after RUTLAND et a1., 1981) . Areas 1 and 2 are the North and Central Flinders Zones, areas 3 to 6 constitute the Mt. Lofty-Olary Fold Belt, comprising the South Flinders Zone (area 3), the Houghton Anticlinal Zone (area 4) and the Inner Nackara and Outer Fleurieu Arcs (areas 5 and 6). The full lines indicate the in-phase conductivity anomaly from the 1970 array of GoUGH et al. (1974) , and its south-western extension proposed by WHITE and POLATAYKO (1985) . The dashed lines border the originally suggested southern extension. Solid circles locate magnetometer sites of the present study.
its current seismicity, which makes it part of the most tectonically active zone within the Australian continent (DOYLE et al., 1968) , and its higher than average heat flow values, which are summarized by LILLEY et al. (1977) . -that the Flinders Anomaly found by GOUGH et al . (1974) does not continue south, as they suggest, but swings to the south-west, as proposed by WHITE and POLATAYKO (1985) .
The experiment was conducted during 1981/1982 as a pilot study to test our instruments during field operations. We have analysed data from the twelve sites labelled in Fig. 2 . Results are displayed as transfer function vectors and hypothetical event contours, which allow a direct comparison with the relevant portions of the previous investigations.
Geological Tectonic History
The Adelaide Geosyncline is a meridional zone of fluvial to marine sediments of Late Proterozoc to Early Palaeozoic origin, which was strongly folded and metamorphosed during the Delamerian orogeny (c. 500-470Ma). Cainozoic block faulting has now uplifted and exposed large sections (the Flinders/Mt. Lofty Ranges), and also fomed the graben structures of the gulfs. To the west, the Torrens Hinge Zone separates it from the relatively undisturbed sediments overlying the Gawler Craton, while to the east, apart from some basement outliers, the geosycnlinal sediments are masked by more recent sedimentary cover. RTLAND et al. (1981) , in a detailed review of the geology and tectonics, subdivide the fold belt into six subsidiary structural zones (see Fig. 1 and 2). Zones 3 to 6 (the Mt. Lofty-Olary Fold Belt) are of main interest here. VON DER BORCH (1980) considers that these zones represent an ancient rifted continental margin, which may have commenced from a triple junction; the northern arm failed (zone 2) leaving the sigmoidal structure as a relic of the main margin deveopment. The Houghton Anticlinal Zone (zone 4) is interpreted in this context as an outer basement high, separating progressively deeper-water marine sediments (zones 5 and 6) from shallow shelf sediments (zone 3).
North-west to south-east compression during the Delamerian orogeny now accounts for the fold structures within the Mt. Lofty-Olary Fold Belt, where folds trend nearly E-W in the north and south, and N-S in the centre (see Fig. 2 ). Granitic intrusion accompanied the deformation, and the highest metamorphic grades were attained in zones 5 and 6. (RUTLAND et al., 1981) .
In excess of 15km. of sediment deposition has now been exposed by the block faulting, which commenced during the Tertiary period, probably in response to Australia rifting from Antarctica. CLEARY and SIMPSON (1971) suggest that the Geosyncline presently forms the boundary between two sub-plates spreading at slightly different rates away from the Antarctic Ridge. The analysis of seismic data by STEWART and MOUNT (1972) supports this hypothesis. They consider that the Mt. Lofty-Olary Fold Belt is now the site of dextral strike-slip shear, with a zone of tension to its north, and that this THOMSON, 1980; FLINT and PARKER, 1982) . The numbered zones are the same as in Fig. 1 . Solid circles locate sites of the present study, Open circles sites from WHITE and HOPGOOD (1979) , open squares sites from WHITE and POLATAYKO (1985) , and triangles sites from DOUGH et al. (1974) . Fold trends are indicated by thin lines within the zones.
boudary probably extends to the base of the crust. However, MCCUE and SUTTON (1979) , in an analysis of seismic events during 1976 and 1977 conclude otherwise. They find that the region is subjected to NE-SW compression, but consider that the localized nature of the events suggests that only local processes are involved. nT., with timing accurate to a few seconds per week. During field operations, all instruments were buried to minimize effects of temperature variations on the electronics.
All of the instruments used fluxgate sensors and paper chart recorders. Instrumental difficulties were mainly confined to the temperamental nature of the recorders, but after these had been resolved, sufficient quantities of high quality data were obtained. One station (RI) suffered from a fautly power supply.
The total recording period extended from 24 October, 1981 to 27 June, 1982, and commenced with stations FV, WI, BA, SR, TR, BO, RI and BC, whose positions are indicated in Fig. 2 . From 12 April, 1982, it continued with the more northerly sites of MU, CG, QV and FA; BO was continuous for the entire period. Three components of the field were measured at FV, BA, BO, BC, FA and QV.
Data analysis
Data from suitably active sections of record were digitised at two minute intervals, and reduced to nT, values. As concurrent data were not available from all sites, transfer function vectors which relate vertical field variations to horizontal 'fi eld variations were computed by methods similar to those of SCHMUCKER (1970) to display the results. They also allowed a useful comparison of our data with those of other workers.
Inspection of the magnetograms for horizontal H and D components of the field recorded at the selected sites given in Section 3.1 above revealed that the variations for periods of a few minutes to several hours in these components were identical across the study area. Thus we assume that the area was subject to a uniform horizontal variation field with no anomalous components over this period range. Therefore, the H and D components used for the calculation of the transfer functions could be taken from any of the three-component recording sites. This was essential, as recording was not simultaneous across the array, and also because some H and D component recorders failed at some sites.
It has also been assumed that the vertical field variation has only a small normal component which does not correlate with either of the normal horizontal field components. Transfer function vectors which relate the anomalous vertical field variations to the normal horizontal field variations could thus be computed for all sites. In most cases the results have been averaged over several sets of data to give an average response to a variety of horizontal field polarizations (BEAMISH, 1979; GOUGH and DE BEER, 1980) . Another method of analysis, which often enables conductors with different orientations to be separated effectively, is the hypothetical event technique of BAILEY et al. (1974) . It gives the vertical (Z) response of the region to a unit horizontal field of singular polarization.
The transfer functions available from our vector analysis, together with data from other workers, have been used to produce contour maps of Z values for each polarization considered.
Results

Transfer function vectors
Real vectors from our sites (those labelled in Fig. 2 ) are presented in Fig. 3 for periods of 60min. and 30min., together with vectors from other studies at locations shown in Fig. 2 . All vectors have been reversed so that they point towards internal current concentrations (SCHMUCKER, 1970) , Our vectors are consistent in direction, and at the longer period they clearly exhibit a strong coast effect , as do the vectors further south around the Gulf St. Vincent. At the shorter period all our vectors show a westerly rotation which indicates the increasing influence of a N-S or NE-SW trending telluric current concentration lying to the west of all our sites. Taken in conjuction with the other vectors displayed in Fig. 3 they strongly support the proposal of WHITE and POLATAYKO (1985) that the Flinders Anomaly swings south-west to follow the fold trends of the Adelaide Geosyncline, as indicated in Figs. 1 and 2 . There is no suggestion of any significant current path through the area covered by our magnetometer sites, and from this evidence it is clear that the Flinders Anomaly does not continue southwards to the east of the Mt . Lofty Ranges, as suggested by GOUGH et al. (1974) .
Some vectors deviate slightly from the general trend. The amplitudes at MU and FA are larger than is expected from the coast effect alone. It is not clear whether this effect is related to the Flinders Anomaly or is due to some additional local effect. The 30min. period vector at the far south-east station BA shows a significantly larger westerly rotation than its immediate neighbour at station SR. This may well be due to a conductive channel associated with the River Murray flowing N-S between the two stations. The vectors at RI also show a small difference in azimuth, and further detailed work would be necessary in both areas to ascertain whether or not these variations result from localized small-scale anomalous conductive zones.
The vectors around the Gulf St. Vincent support the hypothesis that there is a N-S flow of telluric current to the west of the whole area. WHITE and HOPGOOD (1979) suggested that the sea-water of the adjacent Gulfs would provide a natural conductive path for induced currents to flow through. It would certainly appear that any southerly continuation of the telluric currents flowing in the Flinders Anomaly would be through the Gulfs rather than the Adelaide Geosyncline seidments. To the west of the Torrens Hinge Zone the Precambrian crystalline basement is only thinly covered; it is likely to be highly resistant to telluric current flow at depth. All the locations used to produce our contours are indicated in Figs. 4 and 5 by solid circles. The periods for the two sites of DOUGH et al. (1974) are 43min. and 8min.
It was felt that the 43min. period is sufficiently close to 60min, to allow the data to be included in Fig. 4 , but these data have been excluded from For a polarization of 120 degrees (Figs. 4a and 5a) there is a distinct zero contour in the north, trending from north-east to south-west towards Spencer Gulf, with a possible connection to a zero contour further south. The zero contour has a positive region to its north-west, and a broad negative to its south-east which becomes stronger and more continuous at the shorter period. The north-east to south-west trending zero contour follows very closely the axis of the south-western extension to the Flinders Anoamly proposed by WHITE and POLATAYKO (1985) . In Figs. 4a and 5a the area between the +0.5 and -0.5 contours has been stippled to illustrate schematically the possible location of the Flinders Anomaly extension . The additional data presented in this paper provide a better definition of the contour pattern immediately to the south of this proposed extension. The lack of Gulf, rather than into the Gulf St. Vincent.
Contours for a polarization of 30 degrees are nearly parallel with the coastline (with some exceptions), and basically indicate the decay of the coast effect inland (Figs. 4b and Sb). The island effect disrupts the general form to the south, and the island and coast effect have already been reported by WHITE and HOPGOOD (1979) . Figure 4b indicates a narrow negative trough trending to the north-east , and centered on MU and FA. It is dissipated to some extent in Fig . 5b , and is a result of the larger amplitude vectors at MU and FA mentioned in the previous section .
Discussion
The very small lateral variation of electrical conductivity indicated by our data within the southern part of the Adelaide Geosyncline is surprising considering the several plausible mechanisms by which significant lateral conductivity contrasts could have been expected to develop in this region. It appears from our results that high conductivity within the Geosyncline is confined to the northern zones , and perhaps also to the extreme west near Spencer Gulf. WHITE and POLATAYKO (1985) suggest that the Honghton Anticlinal Zone (zone 4), which contains crystalline basement material (Fig. 2) , acts as a non-conducting barrier to the northern currents, deflecting them to the south-west, and our results confirm this. Zones 5 and 6, which are the more likely candidates for higher conductivity within the southern zones, also show little effect. In fact, the only slight anomalies which do occur are more to the east, across the recent sedimentary cover of the Murray Basin, and also near RI in zone 4. Both of these appear to be local effects and would need to be investigated in more detail before firm conclusions could be reached.
Some of the possible mechanisms which may explain the enhanced electrical conductivity of the Flinders Anomaly and its south-western extension are the coneentration of highly saline solutions within fracture systems, the increased temperatures at depth which are suggested by the high surface heat flow values (LILLEY et al., 1977) , and the presence of conductive mineral bands within this metamorphic province. Such highly conducting zones have been reviewed by a number of authors in relation to continental conductivity anomalies (e .g., GARLAND, 1975; SHANKLAND and ANDER, 1983) . WHITE and POLATAYKO (1985) favour saline solutions within the tensional fracture system of zone 3 (Figs . 1 and 2) to account for the south-western extension to the Flinders Anomaly . GARLAND (1975) , in a review paper, suggested oceanic linkages are important in concentrating electric currents via saline solutions within the crust . He typified the Flinders Anomaly as a major example of this type; although, as he pointed out , the oceanic connection had not then been established. He considered the anomaly would almost certainly continue to the coast, as now appears likely from our data . Saline solutions could also have become concentrated within fractures of the more southerly zones of the Geosyncline, which are seismically active.
The high heat flow values suggest that increased temperatures exist in the lower crust or upper mantle, which could produce increases in electrical conductivity. GOUGH et al. (1974) , to explain their anomaly, have suggested that the high heat flow values, in conjunction with the seismicity, are evidence that the Geosyncline represents an early stage in the development of a new rift system. Rift systems are likely candidates for conductivity anomalies (GARLAND, 1975) , although it appears that the southern Adelaide Geosyncline is a relic passive margin rather than the site of a developing rift, with intraplate jostling accounting for the present seismic activity.
Conducting mineral bands, if continuous at depth, could conceivably produce magnetic variation anomalies.
The Mt. Lofty-Olary Arc has numerous small deposits of metallic and non-metallic minerals, some of quite high grade, which might be more substantial deeper in the crust. This has been suggested as a possible mechanism for a very strong concentration of shallow current in an older metamorphic province in southern Eyre Peninsula, South Australia, where surface graphite mineralisation occurs (WHITE and MILLIGAN, 1984) . In conclusion, our results indicate that the southern Adelaide Geosyncline displays surprisingly little lateral variation in electrical conductivity despite favourable geological and geophysical evidence to the contrary. We extend the results of WHITE and HOPGOOD (1979) inland, and have also shown that the Flinders Anomaly does not continue directly to the south. Its south-westerly extension suggested by WHITE and POLATAYKO (1985) has been more accurately located. It appears likely that telluric currents flowing in the Flinders Anomaly connect with the ocean through Spencer Gulf, although this needs to be confirmed by a more detailed study at the head of the Gulf. Further work in this area has recently been undertaken by F.H. Chamalaun and will be reported shortly.
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